Purpose The objective of this study was to evaluate the association between single-nucleotide polymorphisms (SNPs) rs2197076 and rs2241883 in fatty acid-binding protein 1 (FABP1) gene and polycystic ovary syndrome (PCOS). Methods The two alleles rs2197076 and rs2241883 in FABP1 gene in 221 PCOS women and 198 normal women were amplified and sequenced. Allele frequency comparison was performed between the PCOS and control groups, and genotype-phenotype correlation analysis was performed using dominant and recessive models to assess the association of FABP1 and the main features of PCOS. Results Allele frequency analyses showed a strong association of SNPs rs2197076 and rs2241883 of FABP1 gene with PCOS (P<0.001). The additive, dominant, and recessive genotype model analyses further supported this association even after adjusting for age and body mass index (BMI). The minor allele frequency (MAF) of rs2241883 in obese PCOS women was less than that in obese control women. Further genotypephenotype correlation analysis showed that SNP rs2197076 had a stronger association with the main features of PCOS than SNP rs2241883. Conclusion In the association of SNPs in FABP1 gene with PCOS, rs2197076 was more closely associated with its main features than rs2241883 and seemed to play a more important role in the pathogenesis of PCOS.
Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrine-metabolic disorder, affecting 6-8 % women of childbearing age [1] . The condition is characterized by chronic oligoovulation and/or anovulation, hyperandrogenism, and polycystic ovarian morphology on ultrasonography [2] . Although women with PCOS have a high risk of suffering from metabolic syndrome [3] , cardiovascular disease (CVD) [4] , type 2 diabetes [5] , insulin resistance [6] , and obesity [7] , its etiology and underlying pathophysiology still remain elusive. Several family and twin studies have revealed a genetic basis of the etiopathogenesis of PCOS [8, 9] . Studies have also documented the close association of PCOS with singlenucleotide polymorphisms (SNPs) of several genes, thereby suggesting that genetic factors are involved in its etiopathogenesis [5, 8, 9] .
The fatty acid-binding proteins (FABPs) are a superfamily of proteins which play an important role in the uptake, intracellular metabolism, and excretion of long-chain fatty acids Capsule Analysis of FABP1 gene identified rs2197076 and rs2241883 polymorphisms involved in the pathogenesis of polycystic ovary syndrome in Chinese women.
(LCFA) [10] . Several studies have shown the linkage of SNPs of these genes with different metabolic phenotypes such as obesity, type 2 diabetes, and cardiovascular diseases, which are potential risk factors of PCOS [11] . The association of the polymorphisms of intestinal FABP (FABP2) [12, 13] , liver FABP (FABP1) [14, 15] , and adipose FABP (FABP4) [16] with metabolic abnormalities such as type 2 diabetes has also been demonstrated. Further, SNPs of the muscular FABP (FABP3) is reportedly associated with type 2 diabetes in the Asian population [17] .
FABP1, also known as liver-type FABP (L-FABP), serves as a key regulator of lipid metabolism in the liver. The polymorphisms of FABP1 gene have been associated with several metabolic traits. SNP rs2197076 of FABP1 was reported to have an association with the risk of type 2 diabetes and homeostasis assessment index (HOMA-IR) [18] , while SNP rs2241883 at FABP1 was shown to be associated with an elevated risk for developing non-alcohol fatty liver disease (NAFLD).
To determine the role of FABP1 gene in the pathogenesis of PCOS, we investigated the association of SNPs rs2197076 and rs2241883 of FABP1 gene in women with PCOS. ). The patients with PCOS were included if they met with at least at least two of the following three criteria: (1) chronic oligoovulation and/ or anovulation; (2) clinical or biochemical hyperandrogenism; and (3) polycystic ovaries on ultrasound, ≥12 ovary follicles measuring 2-9 mm in diameter in one or both ovaries, or ovarian volume >10 mL [2] . PCOS patients with co-existing disorders such as congenital adrenal hyperplasia, androgensecreting tumor, and Cushing syndrome were excluded. Care was taken to ascertain that none of the PCOS patients had undergone any hormonal treatment in the 3 months immediately prior to this test. The controls were enrolled from women who were admitted to hospital during the same period due to infertility but finally were proven healthy and infertility was attributed to fallopian tube obstruction or their husband's infertility problems such as azoospermia. The eligibility criteria for controls were (1) regular menstrual cycle (26-35 days), (2) normal endocrine function, (3) devoid of any uterine or ovarian diseases such as polycystic ovaries on vaginal B ultrasound, and (4) no hormonal treatment in the 3 months immediately prior to the t est. Women in the cont rol group who had hyperandrogenism and hypertension were excluded.
Materials and methods

Study subjects
Ethics statement
Written informed consent was obtained from all subjects. The study was approved by the Institutional Review Board at the Reproductive Hospital affiliated to Shandong University.
Measurements
Peripheral blood samples were collected from all subjects, during days 2-4 of spontaneous cycles after a 12-h overnight fast or after withdrawal bleeding. Immunoassays were performed with an automated chemiluminescent analyzer (Beckman Access Health Company, Chaska, MN, USA) to determine the levels of luteinizing hormone (LH), folliclestimulating hormone (FSH), thyroid-stimulating hormone (TSH), and testosterone (T). Measurement of fasting plasma glucose (FPG) was performed photometrically using ADVIA 2400 Clinical Chemistry System (Siemens, Germany). Except for amenorrheic women, all laboratory variables were determined in the early follicular phase of the menstrual cycle.
The metabolic glucose and lipid indices were measured for women with PCOS. Both blood glucose and insulin were measured in the fasting state and 2 h post 75 g oral glucose tolerance test (OGTT), using an AU640 automatic biochemistry analyzer (Olympus Company, Hamburg, Germany). Insulin resistance was estimated by the homeostasis model assessment (HOMA-IR) method according to the formula: fasting glucose mmol=L ð ÞÂfasting insulin mIU=L ð Þ=22:5:
Fasting serum lipid profiles (serum cholesterol (CHOL), triglyceride (TG), high-density lipoprotein (HDL-C), and low-density lipoprotein (LDL-C) were measured using an enzymatic assay on an automated biochemistry analyzer (Hitachi 7150 Automatic Chemistry Analyzer; Hitachi, Tokyo, Japan [19] . Waist circumference was measured at the level of the midpoint between the lowest rib and the iliac crest. Hip circumference was the longest measurement of the hip.
Genotyping
DNA was extracted from EDTA-anticoagulated blood by using a QIAamp DNA mini kit (QIAGEN, Hilden, Germany). The two SNPs rs2197076 and rs2241883 were analyzed by polymerase chain reaction (PCR) amplification using the following primers: rs2197076: forward 5′ CTCTTGAAGACAA TGTCACCCA 3′ and reverse 5′ GGCTGGTTTGGATGGTC TT 3′ and rs2241883: forward 5′ CGCTGAGCAGAAAGGA TTAGT 3′ and reverse 5′ CAGAGCATTTTGGTTGTTAT GAG 3′.
Polymerase chain reaction was performed on the Light Cycle system (Roche480). Reaction conditions consisted of an initial denaturation at 95°C for 5 min followed by 35 cycles, each cycle with denaturation at 95°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 45 s, and a final extension at 72°C for 10 min. The PCR product was sequenced by ABI Prism 3100-Avant Genetic Analyzer (Applied Biosystems), and Sequencing Analysis Software v. 4 .9 was used to analyze the genotypes of SNPs.
Statistical analysis
All clinical data are expressed as means±standard deviation (SD). SPSS statistical software v. 17.0 (SPSS, Chicago, USA) was used for data analysis. Chi-square test was performed to compare allele frequencies of rs2197076 and rs2241883. Genotypes of each SNP were analyzed as additive (+/+ vs. +/− vs. −/−), dominant (+/+ plus +/− vs. −/−), and recessive (+/+ vs. +/− plus −/−). Genotype-phenotype correlation of PCOS was analyzed by independent-sample t test. For phenotype analysis, chi-square test and independent t test were used, while logistic regression analysis was performed after adjustment for age and BMI. P <0.05 was considered as statistically significant.
Results
The clinical characteristics of subjects by group are shown in Table 1 . All the selected clinical characteristics including age, BMI, FSH, LH, T, LH/FSH, FPG, CHOL, TG, HDL-C, and LDL-C for PCOS patients and control women were significantly different (P<0.05 or P<0.001). The mean age in the PCOS group was less as compared to that of the control group (P<0.001), while the BMI in the PCOS group was greater than that in the control group (P<0.001). Hence, age and BMI were adjusted in the subsequent analysis. Except for FPG and HDL-C, the remaining clinical parameters were significantly different after adjustment. The levels of T, LH, CHOL, TG, and LDL-C in the PCOS group were higher than those in the control group, whereas levels of FSH in the PCOS group was lower as compared to that in the control group. The results suggest that PCOS women had distinct phenotypes compared with the control women and that BMI may well stand for the central obesity indices in our subjects.
The comparison between sequence analysis of PCR products and minor allele frequency (MAF) is given in Table 2 . Both rs2197076 and rs2241883 alleles of FABP1 gene associated statistically significantly with PCOS (P<0.001, odds ratio (OR)=0.77; P<0.001, OR=0.80). Additive genotype model (rs2197076: AA/AG/GG; rs2241883: CC/CT/TT), dominant genotype model (rs2197076: AA + AG/GG; PCOS polycystic ovary syndrome, BMI body mass index, FSH follicle-stimulating hormone, LH luteinizing hormone, T testosterone, CHOL total cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, P adj P value after age and BMI adjustment in logistic regression rs2241883: CC + CT/TT), and recessive genotype model (rs2197076: AA/AG+GG; rs2241883: CC/CT+TT) analyses showed similar results to allele comparison for two groups (P<0.001). After adjusting for BMI in logistic regression, there were still significant differences in the allele frequency of both SNPs between the PCOS and control groups (P<0.001), indicating these SNPs at FABP1 were associated with PCOS.
To further investigate the influence of BMI, the PCOS and control subjects were subdivided into obese and non-obese groups and MAF was analyzed (Table 3 ). There was a significant difference in the MAF of rs2241883 of FABP1 between PCOS and control subjects with or without obesity (P<0.001), and the difference retained its statistical significance even after adjusting for BMI (P adjusted <0.001) for both the groups.
To identify the association of FABP1 with PCOS, the genetic models of the two SNPs rs2197076 and rs2241883 of FABP1 were analyzed using dominant and recessive models. The additive model was not performed because the statistical power was limited by a small number of homozygous minor alleles, and may have resulted in false-positive relationships. In the genotype-phenotype correlation analysis using a dominant model (Table 4) , PCOS women with the GG phenotype of rs2197076 had greater waist-hip circumference ratio (WHR) than PCOS women with AA+AG genotype (P<0.05). After adjusting for BMI, hip circumference (HC), WHR, and the serum levels of HDL-C in PCOS women with GG genotype were greater than those in POCS women with AA+AG genotype (P adjusted <0.05). In the recessive model of rs2197076 in FABP1, the levels of testosterone (T) in PCOS women with AA genotype were greater than those in PCOS women with AG+GG genotype. After the adjustment of BMI, PCOS women with AA genotype had greater HC, serum level of T, and ratio of LH/FSH than PCOS women with AG + GG genotype (Table 5) . But for the other SNP rs2241883 of FABP1, in the dominant model, there was no statistical difference in all the tested features of PCOS between PCOS women with TT and PCOS women with CC+CT, and the results were the same after adjustment of BMI (Table 6 ). In the recessive model analysis, there was no statistical difference in all the tested features of PCOS between PCOS women with CC and PCOS women with CT+TT, whereas the serum level of HDL-C in PCOS women with CC was higher than that in CT+TT after the adjustment of BMI (P adjusted <0.05) ( Table 7) . PCOS polycystic ovary syndrome; ALLELE the data of rs2197076 and rs2241883 are presented as A/G and C/T, respectively, in the POCS and control groups; ADD the data was presented by the additive genotype model (rs2197076: AA/AG/GG; rs2241883: CC/CT/TT) in the two groups; DOM the data was presented by the dominant genotype model (rs2197076: AA+AG/GG; rs2241883: CC+CT/TT) in the two groups; REC the data was presented by the recessive genotype model (rs2197076: AA/AG+GG; rs2241883: CC/CT+TT) in the two groups, Adjustment study adjusted by body mass index in logistic regression; 95 % CI 95 % confidence interval P adj adjusted P value by BMI in logistic regression, PCOS polycystic ovary syndrome, BMI body mass index, HC hip circumference, WC waist circumference, WHR waist-hip ratio, FSH follicle-stimulating hormone, LH luteinizing hormone, T testosterone, FPG fasting plasma glucose, HOMA-IR homeostasis assessment index, CHOL total cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol P adj adjusted P value by BMI in logistic regression, PCOS polycystic ovary syndrome, BMI body mass index, HC hip circumference, WC waist circumference, WHR waist-hip ratio, FSH follicle-stimulating hormone, LH luteinizing hormone, T testosterone, FPG fasting plasma glucose, HOMA-IR homeostasis assessment index, CHOL total cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol
Discussion
Polycystic ovary syndrome is characterized by oligomenorrhea or amenorrhea, hyperandrogenism, and polycystic ovaries [2] . Women with PCOS generally have some common characteristics like menstrual irregularity, obesity, subfertility, acne, hirsutism, and abnormal biochemistry accompanied with raised serum testosterone, androstenedione, insulin, and luteinizing hormone levels [20] . PCOS is a heterogeneous disorder with a complex and multifactorial etiology. Obesity and associated metabolic alterations such as insulin resistance play an important role in the development and maintenance of PCOS pathology at least in a substantial proportion of patients [21] . In recent years, numerous studies have suggested a role of genetic factors in the etiology of PCOS [22] [23] [24] . Discovery of SNP as new markers of the human genome opens a novel way to investigate the genetic association of candidate genes in the pathogenesis of complex disorders including PCOS. A number of functional SNPs of certain genes have been demonstrated to be associated with PCOS [25, 26] . The liver fatty acid-binding proteins, a member of the superfamily of the FABPs, are found in abundance in the cytosol of liver parenchymal cells [27] . As a key regulator of hepatic lipid metabolism, FABP1 influences fatty acid uptake, trafficking, mitochondrial oxidation, and esterification [28, 29] . FABP1 is also involved in the ligand-dependent transactivation of peroxisome proliferator-activated receptor α (PPARα) in translocating long-chain fatty acids to the nucleus [30] . Peroxisome proliferator-activated receptor α regulates the transcription of several genes involved in lipid metabolism [31, 32] . PPARα-deficient mice showed a propensity for development of massive hepatic lipid accumulation, hypercholesterolemia, and hypertriglyceridemia [33] . SNP rs2241883 variant T/C in exon 3, resulting in a threonine (T) to alanine (A) substitution in the encoded protein (T94A), was initially identified by Brouillettee et al. in 2004 [14] . This common SNP rs2241883 variant in the human FABP1 gene has been shown to have an important role in hepatic lipid metabolism and is associated with elevated cholesterol and triacylglycerol levels, which in turn are associated with an increased risk of cardiovascular disease, type 2 diabetes, and metabolic syndrome [14, 34] . The polymorphisms of FABP1 gene have been associated with several metabolic traits. In an association study regarding SNPs of FABP1 and non-alcohol fatty liver disease in a Chinese population, SNP rs2241883 of FABP1 was associated with an increased risk for developing non-alcohol fatty liver, and rs2241883 carriers had a higher level of LDL-C. However, the exact role of FABP1 T94A polymorphism in non-alcohol fatty liver remains elusive. Given that the T94A mutation exhibits a lower binding capacity of FABP1 for LCFAs [31] , this may result in reduced activation of PPARα by lower FABP1-bound LCFAs in FABP1 rs2241883 C allele carriers, which results in inhibition of expression of genes involved in lipid metabolism, contributing to non-alcohol fatty disease. Among SNPs of FABP1, another SNP rs2197076 has been shown to have a strong association with the risk of type 2 diabetes and HOMA-IR.
SNPs rs2197076 and rs2241883 of FABP1 could affect hepatic lipid accumulation and result in altered lipid metabolism thereby making patients prone to type 2 diabetes or insulin resistance, which are highly associated with PCOS. In the present study, we analyzed the association of SNPs rs2197076 and rs2241883 of FABP1 with PCOS. With a cohort of 221 PCOS cases and 198 controls, allele frequency analysis showed that both SNPs of FABP1 had a strong association with PCOS (P<0.001, OR=0.77; P<0.001, OR=0.80). Their additive, dominant, and recessive genotype model analyses further supported this association, even after adjusting for age and BMI. The BMI in PCOS women was significantly greater than that in the control cohort, indicating that the association of FABP1 and PCOS has been influenced by BMI to a certain extent. Owing to the genetic impact of FABP1 on obesity, we stratified all subjects by obesity to analyze the association of these SNPs with PCOS. MAF of rs2241883 in obese PCOS women was less than that in obese control women, but MAF in non-obese PCOS women was still less as compared to that in non-obese control women, indicating a direct effect of both alleles of FABP1 in causing PCOS, regardless of obesity or BMI.
Further, we used genotype-phenotype correlation analysis to investigate the contributions of rs2197076 and rs2241883 of FABP1 to some clinical or biochemical features of PCOS. We observed contrasting results for both SNP rs2197076 and rs2241883 of FABP1 gene. Both dominant and recessive models showed statistically significant association with biochemical parameters with and without BMI adjustments, while rs2241883 showed no association in the dominant model and showed minimal association with biochemical parameters with BMI adjustments.
These results indicate that although both SNP rs2197076 and rs2241883 of FABP1 gene were associated with PCOS, they had different contributions to the pathogenesis of PCOS. Due to its close relationship to some important clinical features of PCOS, allele rs2197076 seemed to play a more important role in the mechanism of PCOS than allele rs2241883. SNP rs2241883 leads to Thr94Ala amino acid change that is located within the N-terminal region of the protein, a component of the fatty acid binding site. SNP rs2197076 may regulate the functional activity of the protein, individually or in haplotypes, because of its location in the 3′ UTR site, and its association with a potential functional variant in one risk haplotype [18] . The different forms of FABP1 protein due to genetic differences in the two SNPs may have varied contributions in the causation of PCOS. The detailed association of FABP1 and etiology of PCOS needs further evaluation in a larger study group.
There are several limitations in the present study. The sample size in PCOS and control women was relatively small, which limits the statistical power of the analyses. Hence, validation of our findings is required in studies with a larger sample. Secondly, we did not test the association of FABP1 by categorizing PCOS women into diabetes and insulin resistance with PCOS and hyperandrogenism with PCOS owing to the small sample size because FABP1 could be potentially associated with a specific subtype of PCOS.
In conclusion, the current study lends new insights into the role of FABP1 gene in the pathogenesis of PCOS. We found two SNPs rs2197076 and rs2241883 of FABP1 gene to be associated with PCOS. SNP rs2197076 was related with some important clinical features of PCOS and seemed to play a more important role in the mechanism of PCOS than SNP rs2241883. To the best of our knowledge, this is the first study to provide evidence of an association between FABP1 genetic variants and PCOS women.
